INTRODUCTION
Ractopamine hydrochloride (RAC; Paylean; Elanco Animal Health, Greenfield, IN) is a β-adrenergic agent that, when fed at the end of the finishing phase, has been shown to improve growth rate, feed efficiency, and carcass yield and leanness (Apple et al., 2007) . However, there are concerns 
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over the potential negative effects of feeding RAC on responses to handling and transport, and, ultimately, on pork quality. There have been relatively few studies that have evaluated the impact of feeding RAC on responses to handling and transport. There is evidence that feeding RAC can increase both the stress responses of the pig to aggressive handling (James et al., 2013) and, also, transport losses (Swan et al., 2007) . In addition, Marchant-Forde et al. (2003) reported that pigs fed 10 mg/kg RAC for 28 d had higher circulating catecholamine levels than control animals.
Most studies have shown little, if any, effect of feeding RAC on fresh pork quality characteristics (Apple et al., 2007) . However, there is evidence of an increase in shear force in pork from pigs fed RAC (Carr et al., 2005a,b; Fernández-Dueñas et al., 2008) .
To fully evaluate the impact of using RAC requires an understanding of its impact throughout the pork production chain from the farm through to the final product. Therefore, the objective of this study was to evaluate the impact of feeding RAC at 10 mg/ kg (the maximum level allowed on the product label; FDA, 2006) for a 28-d period on growth performance, responses to handling and transport, and carcass and pork quality characteristics of finishing pigs.
MATERIALS AND METHODS
The study was performed at the Swine Research Center of the University of Illinois (Champaign, IL) from January to April. The experimental protocol for the study was approved by the institutional animal care and use committee.
Experimental Design, Treatments, and Animals
The study was performed as a randomized complete block design (blocking factor was day of start on test) to compare 2 dietary inclusion levels of RAC (0 [control] vs. 10 mg/kg). A total of 144 commercial crossbred pigs (progeny of Genetiporc G-performer sires mated to Fertilis 25 dams; Genetiporc, Alexandria, MN) were used and these were housed in single-sex (barrow or gilt) pens of 3 with 24 pens (72 pigs) on each RAC level for a total of 48 pens on the study. There were 6 blocks each of 4 single-sex replicates (2 replicates of each sex) per block. Therefore, the effect of sex was confounded with that of replicate and, consequently, sex was not included in the statistical analysis or discussed in the results.
Housing and Diets
Pigs were housed in a mechanically ventilated finisher building that had part-slatted, part-solid concrete floors. Pen dimensions were 2.59 by 1.83 m, providing a floor space of 1.58 m 2 /pig. Each pen contained a single-space feeder and a nipple-type water drinker. The thermostat was set at 18.5°C throughout the study period and ambient temperature was maintained using thermostatically controlled heaters and fan ventilation.
A single corn and soybean meal-based diet was used throughout the study (Table 1) . This was formulated to meet or exceed the AA and CP requirements of pigs fed RAC at 10 mg/kg (L. Toschlog, Provimi North America, Inc., Lewisburg, OH, personal communication) and to meet or exceed the requirements for all other nutrients proposed by the NRC (1998). The same diet was fed to barrows and gilts to avoid confounding sex with diet composition. Ractopamine was included in the diet at the expense of corn. Pigs had ad libitum access to feed and water throughout the study, except during the brief 2 Paylean 9 (Elanco Animal Health, Greenfield, IN) was included at expense of corn to create ractopamine diet; Paylean 9 contained 9.92 mg/ kg of RAC.
3 SID = standard ileal digestible.
period of time during the handling and transportation procedures when animals were removed from their pens.
Allotment to Study
Before allotment to the growth performance evaluation, pigs were housed in groups of 4 to 12 and were managed according to standard unit protocols. Allotment to the study was performed within sex at approximately 98 kg BW in 6 blocks over a 6-wk period, with 1 block being allotted to test each week. Each block had 4 single-sex replicates (2 replicates per sex) with each replicate consisting of 2 single-sex pens each of 3 pigs. Within sex, all pigs available for allotment were individually weighed and ranked by weight, and the heaviest 6 pigs of each sex were selected and used for 1 replicate. Pigs were formed into outcome groups of 2 on the basis of similar BW and were randomly assigned to 1 of 2 pens from within outcome group. This process was repeated until there were 3 pigs/pen and the mean pen weight and variation in weight within the 2 pens was similar. The allotment was checked to ensure that litter mates had been assigned to different pens with pigs of similar weight being moved between pens to achieve this. Pens were randomly allotted to 1 of the 2 RAC levels. This process was repeated for the remaining replicates within the block.
Following allotment, pigs were allowed a 7-d acclimation period before the start of the growth evaluation during which they were fed a standard corn and soybean meal-based diet formulated to meet or exceed the nutrient requirements of finishing pigs (NRC, 1998) .
The growth performance evaluation began at the end of the 7-d acclimation period and was performed for 28 d. At the end of the evaluation period, pigs remained in their test pens for an additional 5 d before being sent for harvest during which they were fed the respective experimental diet.
Growth Measurements
Individual pig weights were collected at the start and end of test. Feed additions to the feeders were recorded and feeder weights were taken at the time of pig weighing to calculate ADFI and G:F.
All pigs were ultrasonically scanned at the start and end of test using an Aloka Model 500V B-mode ultrasound scanner fitted with an Aloka 5011 probe (Corometrics Medical Systems, Wallingford, CT). A transverse image was taken over the LM at the 10th rib and backfat thickness (over the middle of the LM) and LM area and depth were measured on the image.
Handling and Transportation Procedures
The handling and transportation procedures for each block were performed on the 2 d following the end of the growth performance evaluation (i.e., on d 29 and 30 of the study) with 2 replicates (12 pigs; 2 pens of each sex and 2 pens of each RAC level) being evaluated on each day. Pigs were not fasted before the start of the handling and transportation procedures.
At 0500 h on the day of the handling and transportation procedures, baseline measurements were taken. Pigs were snared, rectal temperature was measured with a digital thermometer (model M500HPDT; GLA Agricultural Electronics, San Luis Obispo, CA), and 2 blood samples were collected by jugular vein puncture. One sample was collected into a 6-mL lithium heparin tube and the second sample was collected into a 6-mL K 2 EDTA tube (Vacutainer; Becton Dickinson, Franklin Lakes, NJ). Blood samples were stored on ice before further processing or analysis. Baseline measurements were completed by approximately 0600 h, and pigs were allowed to rest for 2 h before the initial handling procedure was applied.
For the initial handling procedure, pigs were moved individually through a handling course that was 1.45 m wide and 12.5 m long for 2 laps (each lap consisted of moving the pigs up and down the course) for a total distance moved of 50 m. The handling course was located in a hallway between the building in which the pigs were housed during the study period and an adjacent building. Aggressive handling was used that involved moving pigs using an electric goad (Hot-Shot Green HS2000 with a 91.44-cm fiberglass shaft; Miller Manufacturing Co., Eagan, MN) and a sorting board, with pigs receiving 4 shocks from the goad each lap for a total of 8 shocks.
The number of times each pig became wedged between the sorting board and the wall, required a push or a tap from the handler, or lay down while in the handling model was recorded. Rectal temperature was measured at the end of the initial handling procedures immediately after the pigs were returned to their home pen.
Immediately after the final animal from the 2 replicates being evaluated had completed the initial handling procedure (at approximately 0845 h), the pigs were loaded onto a livestock trailer (dimensions 2.29 by 7.32 m; Featherlite Inc., Cresco, IA) for the transportation phase of the study. To facilitate the loading process, the pigs were initially loaded onto a hydraulic trailer (model LS204HL; Life Time Products, Kewanee, IL), which was used to transfer them to the transport trailer. Pigs (n = 12) were moved from pens and loaded onto the hydraulic trailer in pen groups of 3 pigs using only livestock paddles and sorting boards. Pigs were transferred to and loaded onto the transport trailer where they were kept in 1 group of 12 pigs in a single compartment (dimensions of 2.29 by 2.41 m) at a floor space of 0.46 m 2 /pig. The pigs were transported within the confines of the Swine Research Center facility (to conform to unit biosecurity rules) for a period of 30 min. At the end of the transportation period, the pigs were unloaded from the transport trailer onto the hydraulic trailer and returned to the building where they were unloaded into a holding area and kept in 1 group until the final handling procedure.
For the final posttransport handling procedure, pigs were moved individually through the same handling course as used for the initial handling procedure for 4 laps (100 m in total) using gentle handling, which involved moving pigs at their own pace using a sorting board and paddle. If a pig refused to move during the handling procedure, the procedure was terminated and the total distance that the pig had moved was recorded. The number of times each pig became wedged between the sorting board and the wall, required a push from the handler, or lay down while in the handling course was recorded. At the end of the handling procedure, blood samples were collected and rectal temperature was measured as described for baseline measurements, after which the pigs were returned to their home pen.
Physical Indicators of Stress and Ease of Handling Scores
Physical indicators of stress were assessed on individual animals on 5 occasions during the handling and transport procedures, namely, after baseline measurements, initial handling procedure, loading onto the trailer, final handling procedure, and final measurements. Pigs were assessed for presence or absence of muscle tremors, open-mouth breathing, skin discoloration, and vocalization. Ease of handling scores (based on a 5-point scale where 1 = very easy to handle, 2 = easy to handle, 3 = neither easy nor difficult to handle, 4 = difficult to handle, and 5 = very difficult to handle) were assessed after the initial and final handling procedures.
Nonambulatory Pigs
Pigs that became nonambulatory during the handling and transportation procedures were classified as either nonambulatory and injured or nonambulatory and noninjured. Nonambulatory, injured pigs were defined as an animal that became nonambulatory with visible signs of an injury. Nonambulatory, noninjured pigs were defined as an animal that became nonambulatory during the procedures without any signs of injury and/or a pig with a rectal temperature greater than 40.6°C immediately after the final handling procedure.
Blood Acid-Base and Catecholamine Analysis
Blood acid-base parameters were measured using an ISTAT clinical analyzer with the CG4+ cartridge (ISTAT Corporation, Princeton, NJ). Before analysis, the ISTAT clinical analyzer was calibrated using reference standards to ensure that all measurements were within the reference range. The analysis was performed within 10 min after blood collection with a sample of whole blood (approximately 200 μL) from the sample collected into the lithium heparin tube being transferred into the cartridge that was then placed in the analyzer. The blood was assayed for pH, lactate, bicarbonate, base excess, partial pressure carbon dioxide, total carbon dioxide, partial pressure oxygen, and oxygen saturation. The blood sample collected into the K 2 EDTA tube (which was used to measure plasma epinephrine and norepinephrine) was centrifuged at 660 × g for 15 min at 4°C, and plasma was transferred to 2-mL microcentrifuge sealed tubes that were stored at -20°C until required for analysis.
The epinephrine and norepinephrine assays on the blood plasma samples were performed at a commercial laboratory using a similar approach to that described by Marchant-Forde et al. (2003) . Blood samples were acidified and deproteinized with hydrochloric acid. Catecholamines were extracted and measured using a competitive binding radioimmunoassay kit (2-CAT RIA; IBL America, Minneapolis, MN).
Harvest and Carcass and Pork Quality Measurements
Pigs were allowed a 2-or 3-d period after the handling and transportation procedures were completed before being sent for harvest. Five days after completion of the growth study (d 33 of the study), all of the barrows (n = 72; 24 pens) from both RAC levels were transported to the University of Illinois Meat Science Laboratory (MSL; Urbana, IL) for harvest and carcass and pork quality evaluation. There were 6 harvest days during the study, with pigs from 1 block (i.e., 12 barrows) being harvested on each occasion. From the end of the growth study to the time of transport to MSL, the pigs remained in their test pens and were fed the respective treatment diet.
Animals were transported to the MSL on the afternoon before the day of harvest where they were held in lairage overnight (approximately 16 h), with access to water but not feed. They were harvested the following morning using standard procedures according to USDA guidelines for humane slaughter. Approximately 1 h after harvest, carcasses were weighed (HCW) and placed in a chiller (at 4°C) where they were held overnight.
At 24 h postmortem, the left side of each carcass was cut at the 10th rib and backfat thickness was measured over the center of the LM using a stainless steel ruler, the LM was traced onto acetate paper, and muscle area was measured on the tracing using an area line meter (Super PLANIX α Polar Planimeter; Tamaya, Tokyo, Japan). The weight of fat-free lean (kg) in the carcass was estimated using the following equation ( in which 10th rib backfat was measured in centimeters, 10th rib LM area was measure in square centimeters, and HCW was measured in kilograms. Pork quality measurements were taken on the LM at the 10th rib and included ultimate pH measured with a MPI pH meter (model C033; Meat Probes, Inc., Topeka, KS); subjective scores for color (6-point scale, in which 1 = extremely pale to 6 = extremely dark; NPPC, 2000), marbling (10-point scale, in which 1 = 1% intramuscular fat to 10 = 10% intramuscular fat; NPPC, 2000), and firmness (5-point scale, in which 1 = soft to 5 = very firm; NPPC, 1991); and objective color measurements (Minolta L*, a*, and b*) using a CR-300 Minolta Chromameter (Minolta Camera, Osaka, Japan) with settings of illuminant D65 and 0° viewing angle. A section of boneless LM was taken immediately anterior to the 10th rib from the left side of each carcass and one 1.0-cm-thick chop (for drip loss determination) and one 2.5-cm-thick chop (for measurement of Warner-Bratzler shear force) were cut and trimmed of epimysium and external fat. The 1.0-cmthick chop was weighed, placed in a Whirl-pak bag (Nasco, Fort Atkinson, WI), suspended for 24 h in a chiller (at 4°C), and reweighed and drip loss was calculated. Chops used for Warner-Bratzler shear force were aged for 14 d in a chiller (at 4°C) and then frozen (-20°C). Subsequently, chops were thawed overnight at 4°C, trimmed to a uniform size, and cooked on a Farberware Open Hearth grill (model 455 N; Walter Kidde, Bronx, NY). Internal temperature was monitored using copper-constantan thermocouples (Type T; Omega Engineering, Stanford, CT) connected to a digital scanning thermometer (model 92000-00; Barnart Co., Barrington, IL). Chops were cooked on 1 side to an internal temperature of 35°C, turned, and cooked on the other side to a final internal temperature of 70°C. Chops were weighed before and after cooking to calculate cooking loss. Chops were allowed to cool and 6 cores (1.3 cm diameter) were removed parallel to the orientation of the muscle fibers. Cores were sheared using a texture analyzer (TA.HDPlus; Texture Technologies Corp., Scarsdale, NY; Stable Microsystems, Godalming, UK) with a blade speed of 200 mm/min and a load cell capacity of 980.4 N (100 kg). Shear force was determined for each core and the values for the 6 cores were averaged for each sample.
Statistical Analysis
Pen was the experimental unit for the analysis of growth performance; individual pig was the experimental unit for carcass and pork quality measurements and all measurements related to responses to the handling and transportation procedures. Data were analyzed using the PROC MIXED procedure of SAS (Littell et al., 1996) with the model used accounting for the fixed effect of RAC level and the random effects of block and replicate nested within block. Treatment means were compared using the PDIFF option of SAS and were considered different at P ≤ 0.05 with trends for differences between means being considered at P ≤ 0.10.
For the handling and transportation phase of the study, the incidence of physical indicators of stress and of nonambulatory pigs did not conform to the normal distribution and, consequently, the KruskalWallis rank-based nonparametric test (Steel and Torrie, 1980) was performed using the PROC RANKS and PROC MIXED procedures of SAS.
RESULTS AND DISCUSSION
The analyzed RAC level was 10.2 mg/kg, which was similar to the formulated level of 10 mg/kg.
Growth Performance
Pigs fed 10 mg/kg RAC were heavier at the end of the 28-d period (5.1 kg; P < 0.001) and had greater ADG (210 g/d; P < 0.001), ADFI (0.13 kg/d; P = 0.03), and G:F (0.051 kg:kg; P < 0.001) than those fed 0 mg/kg RAC (Table 2 ). There were no treatment differences (P > 0.05) for ultrasonically measured backfat depth at start or end of study; however, feeding RAC increased (P < 0.001) ultrasonically measured LM depth and area at the end of test (Table 2) .
In general, the improvements in growth performance from feeding 10 mg/kg RAC observed in the current study are similar to those reported in the literature. For example, Carr et al. (2005a) (2007) performed a meta-analysis of published studies that had evaluated the effects of feeding RAC on growth performance that suggested that feeding 10 mg/kg RAC increased growth rate and feed efficiency by approximately 11 and 13%, respectively, compared to controls. Therefore, the changes in growth performance found in the present study are generally in line with those found in historical research that has evaluated the same RAC levels.
Responses to Handling and Transportation
Baseline levels for plasma lactate were greater (P ≤ 0.05) and partial pressure of oxygen and oxygen saturation were lower (P ≤ 0.05) for pigs fed 10 compared to 0 mg/kg RAC (Table 3) ; however, the differences between the treatment means were relatively small. After the final handling procedure, plasma bicarbonate was lower (P = 0.05) for pigs fed 10 compared to 0 mg/kg RAC (Table 4) and there were trends (P < 0.10) for a number of blood measures taken after the final handling procedure (i.e., lactate, base excess, and total carbon dioxide; Table 4), and for changes in a number of the blood measures between baseline and after the final handling procedure (i.e., bicarbonate, partial pressure carbon dioxide, total carbon dioxide, and oxygen saturation; Table 5 ) to be greater in pigs fed RAC compared to controls. However, treatment differences were small and there was no effect (P > 0.05) of feeding RAC on blood pH or rectal temperature after the final handling procedure (Table 4) or for the changes in these measures between baseline and final (Table 5) . These results suggest a limited effect of feeding 10 mg/ kg RAC on responses in blood acid-base measures and rectal temperature to handling and transport.
Similar to the results of the present study, James et al. (2013) showed no effect of feeding 20 mg/kg RAC on pre-to posthandling changes in rectal temperature. Some studies, however, have reported RAC × handling interactions on changes in blood and plasma measurements and rectal temperatures. James et al. (2013) reported that in 1 study, compared to controls, pigs fed RAC showed a greater pre-to posthandling reduction in blood pH and tended to show a greater increase in 1 Measurements were taken 2 h before the start of the initial handling procedures.
2 Pigs were moved individually for 50 m through a handling course (initial handling procedure), transported for 30 min, unloaded, and then moved individually for 100 m through the same handling course (final handling procedure).
3 Statistical analysis was carried out on data subjected to natural logarithm transformation. 4 Statistical analysis was carried out on data subjected to square transformation.
5 pCO 2 = partial pressure carbon dioxide; tCO 2 = total carbon dioxide; pO 2 = partial pressure oxygen; sO 2 = oxygen saturation.
6 Statistical analysis was carried out on data subjected to reciprocal transformation. rectal temperature and blood lactate when handled aggressively but not gently. In another study, James et al. (2013) reported that blood pH increased from pre-to 1 h posthandling and that the increase was greater in pigs fed 20 compared to 0 mg/kg RAC. However, in both studies reported by James et al. (2013) , there was little to no effect of feeding RAC on pre-to posthandling changes for other measures of blood acid-base balance. Therefore, there is a lack of consistency in reported metabolic responses to handling and transport in pigs fed RAC and further research is warranted to clarify this area.
There was no effect (P > 0.05) of RAC treatment on baseline (Table 3) or final plasma norepinephrine levels (Table 4) or on the change from baseline to final (Table  5) . Baseline plasma epinephrine levels were similar (P > 0.05) for the 2 RAC levels (Table 3) ; however, levels after the final handling procedure (Table 4 ) and the change from baseline to after the final handling procedure (Table 5) were greater (P ≤ 0.05) for pigs fed RAC than for the controls. Catecholamine levels in pigs fed RAC have been evaluated in only a limited number of studies. In contrast to the results of the present study, Marchant-Forde et al. (2003) found that plasma epinephrine and norepinephrine levels were greater after feeding 10 mg/kg RAC for 28 d (equivalent to baseline levels in the current study); however, these authors did not report catecholamine levels after animal handling. Similar to the results of the present study, Poletto et al. (2010) found no difference in baseline catecholamine levels between pigs fed 0 mg/kg RAC and those fed RAC using a step-up program of 5 followed by 10 mg/kg RAC, with each level fed for 14 d. In addition, Peterson et al. (2009) reported no effect of RAC on baseline catecholamine levels but found greater norepinephrine levels after final handling and a greater increase in the difference between baseline and final measurements for pigs fed RAC than for the controls.
Despite the RAC treatment differences for epinephrine levels, there was no effect (P > 0.05) of RAC on physical indicators of stress at any stage during the handling and transportation procedures (Table 6 ) or on the incidence on nonambulatory, noninjured pigs (Table 7) . a,b Within a row, means without a common superscript differ (P ≤ 0.05).
1 Pigs were moved individually for 50 m through a handling course (initial handling procedure), transported for 30 min, unloaded, and then moved individually for 100 m through the same handling course (final handling procedure).
2 pCO 2 = partial pressure carbon dioxide; tCO 2 = total carbon dioxide; pO 2 = partial pressure oxygen; sO 2 = oxygen saturation.
3 Statistical analysis was carried out on data subjected to reciprocal transformation. 4 Statistical analysis was carried out on data subjected to natural logarithm transformation. 1 Measurements were taken 2 h before the start of the initial handling procedures.
3 pCO 2 = partial pressure carbon dioxide; tCO 2 = total carbon dioxide; pO 2 = partial pressure oxygen; sO 2 = oxygen saturation. 4 Statistical analysis was carried out on data subjected to the square root of the absolute value transformation.
5 Statistical analysis was carried out on data subjected to natural logarithm transformation.
There were no nonambulatory, injured pigs observed during this study. The distance moved by pigs during the final handling procedure was lower (P ≤ 0.05; Table  7 ) and there was a trend (P = 0.06) for ease of handling scores to be higher (Table 6 ) in pigs fed RAC compared to the control, suggesting that pigs fed RAC were more difficult to handle compared to controls. Similar findings have been reported in other studies (MarchantForde et al., 2003; Rocha et al., 2013) .
The objective of the handling and transport procedures was to expose the pigs to conditions similar to those experienced in commercial practice that would be challenging enough to uncover any effect of feeding RAC on the responsiveness of the pigs to handling and transport. The procedures were successful in eliciting a substantial physical, metabolic, and physiological response in the pigs on both RAC levels as evidenced by the considerable changes in blood acid-base measures and catecholamine levels from baseline to after the final handling procedures and by the relatively high incidence of physical indicators of stress throughout the procedures relative to baseline levels. In addition, 3 pigs became nonambulatory and noninjured during the study, suggesting that the procedures were robust enough to cause an incidence, albeit low (approximately 2% incidence), of this condition. Furthermore, the changes in blood acid-base measures from baseline to after the final handling procedures found in the current study were generally in line with those observed in previous studies (Bertol et al., 2005 ; 1 Pigs were moved individually for 50 m through a handling course (initial handling procedure), transported for 30 min, unloaded, and then moved individually for 100 m through the same handling course (final handling procedure).
2 Percentage of pigs exhibiting indicators.
3 Statistical analysis was carried out on data subjected to RANKS transformation using PROC RANK in SAS (Littell et al., 1996) . 4 Measurements were taken 2 h before the start of the initial handling procedures.
5 Ease of handling score based on 5 point scale: 1 = very easy to move to 5 = very difficult to move. 6 Measurements were taken immediately after the final handling procedures. 1 Pigs were moved individually for 50 m through a handling course (initial handling procedure), transported for 30 min, unloaded, and then moved individually for 100 m through the same handling course (final handling procedure).
2 Statistical analysis was carried out on data subjected to RANKS transformation using PROC RANK in SAS (Littell et al., 1996) . 3 Number of times that each pig required a push or bump with the board from the handler, became wedged between the sorting board and the wall, or lay down while in the handling course. Ritter et al., 2009; James et al., 2013) . Collectively, these results suggest only minor effects of RAC on the responses of pigs to handling and transport.
Carcass Measurements and Pork Quality
Pigs fed RAC were heavier at harvest (4.1 kg) and had greater HCW (5.1 kg) and carcass yield (1.4 percentage units) than the controls (P ≤ 0.05; Table 8 ). Backfat depth at the 10th rib was similar (P > 0.05) for the 2 RAC levels; however, LM area was greater (P = 0.01) for the pigs fed 10 compared to 0 mg/kg RAC (Table 8 ). In addition, the weight (P = 0.001) but not the percentage (P > 0.05) of predicted fat-free lean was greater for pigs fed RAC compared to control animals (Table 8) .
Previous research has shown effects of RAC on carcass measures that were similar to these found in the present study. Carr et al. (2005a) found increases in carcass yield (1.3 percentage units) and LM area (approximately 8%), with no effect on backfat depth, for pigs fed 10 compared to 0 mg/kg RAC. Furthermore, the results of the meta-analysis performed by Apple et al. (2007) suggested that compared to controls, feeding 10 mg/kg RAC increased carcass yield and LM area by 0.6 percentage units and 3.5 cm 2 , respectively, with little or no effect on backfat depth.
Longissimus muscle ultimate pH and WarnerBratzler shear force were lower (P < 0.05) and Minolta a* and b* values were greater (P ≤ 0.01) for control animals compared to those fed RAC (Table 8) . However, treatment differences were relatively limited and there was no effect (P > 0.05) of feeding RAC on other pork quality measures (Table 8) .
In general, studies reporting on the effects of feeding RAC on pork quality measures have shown variable results. Higher LM ultimate pH for pigs fed 10 compared to 0 mg/kg RAC has been reported in another study (Apple et al., 2008) ; however, a number of studies have found no effect of feeding this level of RAC on ultimate pH (Stites et al., 1994; Carr et al., 2005a,b) . Similar to the results of the present study, there are a number of reports of lower LM Minolta a* and b* values for pigs fed RAC (Apple et al., 2007; Hinson et al., 2011 ).
In the current study, feeding RAC increased shear force, a finding that is in line with that of other studies (Carr et al., 2005a,b) . The meta-analysis of published literature performed by Apple et al. (2007) suggested that the increase in LM shear force from feeding 10 compared to 0 mg/kg averaged across studies was 0.42 kg, which is similar to the difference in shear force between the RAC and control treatments of 0.43 kg found in the current study (Table 8) .
Collectively, the results of the current study confirm the positive effects of RAC on growth performance and carcass characteristics. In addition, these results would suggest that, under the handling and transportation procedures used in this study, pigs fed 10 mg/kg RAC exhibited a greater response in epinephrine to handling and transportation than control animals but that the responses in other measures such as rectal temperature, blood acid-base status, physical indicators of stress, and incidence of nonambulatory pigs were relatively similar for the 2 RAC levels. 2 Percentage of fat-free lean = (weight of fat-free lean/HCW) × 100.
3 Subjective color scores based on a 6-point scale: 1 = extremely pale to 6 = extremely dark (NPPC, 2000) . 4 Subjective marbling scores based on a 10-point scale: 1 = 1% intramuscular fat to 10 = 10% intramuscular fat (NPPC, 2000) . 5 Subjective firmness scores based on a 5-point scale: 1 = very soft to 5 = very firm (NPPC, 1991) . 6 Cooking loss, % = [(weight of raw chop -weight of cooked chop)/ weight of raw chop] × 100.
